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del operador experimentado fueron 82,7% (69,5-91,8) y 93,8% 
(86,6-97,8), respectivamente15. Para el novato 1 Se fue 49.8% 
(24.0-80.8) y Sp 91.1% (77.9-98.7), y para el novato 2 Se y Sp 
fueron 56.3% (29.3-88.7) y 94.0% (81.7-99.5), respectivamente. 
El acuerdo general (kappa) entre los tres operadores osciló en-
tre 0,38 y 0,49 (justo). Tanto la precisión diagnóstica como la 
concordancia fueron mejores para el lado derecho del pulmón.
Conclusión
Un método de escaneado rápido permite añadir la consolidación 
pulmonar como parámetro adicional al trabajo científico sobre 
las enfermedades respiratorias en el ganado vacuno, incluso 
en estudios a gran escala. El poco tiempo que requiere cada 
examen y la interesante curva de aprendizaje después de una 
sola sesión de entrenamiento, lo convierten en una herramienta 
adecuada para su aplicación en la práctica para mejorar el diag-
nóstico de la neumonía y la gestión médico/preventiva. Todavía 
se requiere una validación más amplia por parte de múltiples 
usuarios, incluyendo diferentes razas y ganado más viejo, así 
como la determinación de la fiabilidad de la evaluación interna. 
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Figure 1. Algoritmo propuesto para la rápida clasificación en la 
explotación de lesiones pulmonares visibles por ultrasonidos en 
terneros, según lo usado en sesiones de formación Quick-Scan.
ENGLISH VERSION  
A QUICK SCAN LUNG ULTRASOUND METHOD AND FLOW 
CHART AS A DECISION AID FOR BRONCHOPNEUMONIA DI-
AGNOSIS
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Respiratory tract infections cause major economic losses to 
the cattle industry and are the main indication for antimicrobial 
use1,2. Because of the difficulty of timely recognizing animals 
with bacterial pneumonia and differentiating them from animals 
with upper respiratory tract infection or viral infection only, an-
timicrobial group treatments are still frequently used in practice 
to manage outbreaks. However, a recent meta-analysis demon-
strated no beneficial effects of antimicrobial group treatments 
for bovine respiratory disease (BRD) on morbidity or mortality at 
the long term3. Pressure to reduce antimicrobial use has mas-
sively increased, and the European Union encourages a shift 
from curative to preventive4. One recommended option to re-
duce antimicrobial use is to increase the availability of rapid and 
reliable diagnostics4. When it comes to treating respiratory tract 
infections, it appears at this time rational to only treat animals 
with bacterial pneumonia. An easy reasoning, but very difficult 
to realize in animals in practice, especially with growing herd 
sizes. Also, the inter-observer agreement of clinical examina-
tion (clinical signs, lung auscultation,…) between veterinarians 
appears to be poor, questioning the reliability and repeatability 
of a pneumonia diagnosis solely based on clinical examination5. 
In this talk, a rapid ultrasonographic method to detect lung con-
solidation in calves is presented as a clinical decision support 
tool for pneumonia management. 
Lung ultrasonography
In recent years lung ultrasonography was translated from an an-
cillary diagnostic technique only used in clinics, to an on-farm 
tool to improve detection of pneumonia6. A major advantage was 
that the affordable devices with linear probes, currently used for 
reproductive follow-up, were sufficient to scan lungs and reach 
a diagnosis. Alcohol is used as a transducing agent, which has 
the advantage that animals do not need to be shaved. Of all 
available techniques (clinical scores, lung auscultation, hapto-
globin), lung ultrasonography systematically was most accurate. 
Extensive scoring systems have been suggested7, but today the 
interest mainly lies in a binary outcome variable to guide treat-
ment. In a first Bayesian comparison, sensitivity (Se) was 79.4% 
(95% credibility interval (CI): 66.4-90.9) and specificity (Sp) 
93.9% (95% CI: 88.0-97.6), using a cut-off of ≥1cm in consolida-
tion depth8. A very recent analysis showed that when only look-
ing for lung consolidations ≥3m caudal from the heart, a Se of 
89.0% (95% CI: 55.0-100.0) and Sp of 95.0% (95% CI: 92.0-98.0) 
can be reached in a low prevalence population9. Today, no con-
sensus on what scanning technique and consolidation threshold 
depth to use exists. The age of the animals might affect diag-
nostic accuracy, as for example the cranial lung lobes are less 
easy to scan in more muscled, older animals. Good news is that 
inter-observer agreement of lung ultrasonography appeared 
much better than clinical scoring or lung auscultation, but this 
study only involved image analysis, not scanning technique10. 
An issue is that different studies found different thresholds as-
sociated with different health or production outcomes (Table 1). 
Production parameter effects of the ≥1cm consolidation depth 
were not evaluated. When determining a desired threshold it is 
important not only to focus on production outcomes, but realize 
that animal welfare criteria are equally important. 
Table 1. Summary table on associations of different lung consolidation 
thresholds as an estimate of pneumonia and production outcomes in 
calves 
Conso-
lidation 
depth 
thres-
hold 
Effect No Effect Reference
Any 
consoli-
dation
Lower pregnancy 
rate in heifers
Higher mortality 
risk
Age at first calving 
Age at first breed-
ing
First lactation milk 
production
Teixeira et al., 
201711 
≥ 1cm* -
≥ 3cm
-525 kg milk in 
first lactation
Decreased pre-
weaning average 
daily gain 
(- 45g/day)
Age at first calving
Mortality
Early removal from 
the herd
No effect on aver-
age daily gain
Dunn et al., 
201812 
Ollivett, 201413
Berman et al., 
201714 
≥ 6cm
Increased mor-
tality
Increased cull risk
Age at first calving Adams and Bucz-inski, 20162 
*This threshold was used in the first studies to determine diagnostic 
accuracy in a Bayesian framework8
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Quick scan method
Lung ultrasonography has clearly found its way to scientific re-
search and is to a limited extend brought to practice, mainly by 
academics at this time. However, in order to truly contribute 
to a more rational antimicrobial use, a wide-spread use of lung 
ultrasonography by practitioners is needed. Practitioners men-
tion a too long time required per exam and a too long learning 
curve as the main hurdles for systematic use of lung ultrasound. 
To overcome these hurdles a quick scan method and simplified 
interpretative algorithm for lung ultrasonographic images was 
developed. A linear probe (5.5-7.5 MHz) is used because its size 
and shape allows to evaluate large parts of the lung in between 
the intercostal spaces in one image. Also, most practices al-
ready have this probe. When using isopropylalcohol (70-90%) 
as a transducing agent, sufficient contact can still be reached 
after a 50/50 dilution with water (to reduce operative costs). 
In young, individually housed calves no fixation is needed, and 
the operator can work alone. In older animals, fixation by helper 
assistance, halters or chutes ensures speed of the procedure.  
The procedure is based on visualization of landmarks to ensure 
scanning of as much lung surface as possible. A limited amount 
(50-200 ml) of alcohol is poured dorsally on the calf ‘s thorax 
from the last rib up to the shoulder. The alcohol is further distrib-
uted by the probe during the scanning movement. Alternatively, 
alcohol can be dispersed by a commercially available drencher. 
Basically the quick-scan consists of 2 movements: 1 left, 1 right. 
When necessary, in older animals, a second caudocranial move-
ment just ventral from the first one is made. Landmarks are pro-
vided in table 2. The scan starts at the tip of the diaphragmatic 
lobe, where abdomen and thorax meet. The probe is positioned 
vertically in the 8th-9th intercostal space and moved until it is 
completely parallel with the ribs. No acoustic shadows from 
ribs should be present in the obtained image. Next, the probe 
is moved cranially going from intercostal space to intercostal 
space, without loosing contact with the skin. Then, ‘check point 
heart’ should be visualized, consisting of an image half heart/
half lung. Here mainly the caudal part of the cranial lung lobe 
(left and right) can be visualized. Lobus medius can be visualized 
on the right side, immediately caudal from the heart. From the 
‘half heart/half lung’ position the probe is moved more cranially, 
under the triceps muscle without losing contact with the thorax. 
By following the calf’s anatomy the probe automatically shifts 
towards a more vertical position and is pushed downwards. The 
scan can be terminated, when the end image consisting of tran-
sections of the arteria and vena thoracica interna can be visual-
ized (left and right). On the right side, the pars cranialis of the 
cranial lobe extends much more cranially from the heart. During 
the scan, as soon as any abnormality (comet tail artefact, pleu-
ral irregularity,…) is seen, the probe is halted at that position 
and gently moved cranio-caudally and back to expand the area 
of visualization. This approach increases the odds of detecting 
a consolidation. 
Table 2. Landmarks used in a quick-scan lung ultrasonography meth-
od for pneumonia detection in calves
Landmark Left Right
Start (8-9th IC space)
Dorsal= lung; middle= 
spleen; ventral= ru-
men
Dorsal= lung; ventral= 
liver
Check point heart (4-
5th IC space) ½ heart/ ½ lung ½ heart/ ½ lung
End point a and v thoracica in-terna 
a and v thoracica in-
terna
IC= intercostal space
Decision aid
Next to scanning technique, correct interpretation of the ob-
tained images is crucial. A decision tree was built based on 
simple questions to guide the operator towards the correct ‘im-
age interpretation’. The tree groups the obtained images into 4 
groups: (1) reverberation artefacts (A-lines): normally aerated 
lung; (2) few comet tails: normal on the cranial lobes; caudal 
lobes (cfr. tree in Figure 1); (3) multiple (diffuse) comet tails: 
interstitial syndrome (edema); (4) consolidation: pneumonia (or 
atelectasis). For practical reasons, some questions and images 
were oversimplified to ensure a rapid learning curve in novice 
operators, potentially laymen. Comet tails (B-lines) are defined 
as hyperechoic reflections which originate from the pleural 
line and travel roughly perpendicular to the pleural line of the 
lung. They synchronously move with lung respiration. They are 
formed every time there is a difference in acoustic impedance 
between two zones, e.g. fluid filled interlobular septa and air. 
In the tree, it is asked whether the observed comet tails origi-
nated from the deep or superficial. Strictly speaking, comet tails 
cannot originate from the deep. This is a control question to 
redirect the user towards a consolidation if he/she notices that 
the observed ‘comet tails’ originate from beneath the pleural 
surface. These are in fact air bronchograms, which are formed 
by changes in impedance between consolidated and aerated 
tissue. In the concept of Quick-scan the only criterion to con-
firm pneumonia and hence antimicrobial treatment is detection 
of a consolidation. The tree was designed and evaluated with 
a consolidation depth threshold of ≥1 cm. The threshold can 
be increased/decreased to increase specificity/sensitivity, de-
pending of the operators goal in a specific situation. 
Evaluation
Training sessions on lung ultrasonography and the quick-scan 
method/algorithm were organized in Belgium, the Netherlands, 
Germany, Austria and Switzerland. Gradually the most effective 
training session was shaped. In April 2018, we evaluated the 
learning efficacy of the 1.5h theoretical lesson (+ exercises) and 
the Quick-scan method in two novice veterinary students and 
one experienced operator. Participants were asked to scan 50 
indoor group-housed calves, aged between 8-12 weeks old, in 
a commercial veal farm. A portable ultrasound (Tringa linear, 
Esaote) with 7.5 Mhz linear probe was used with 70% isopropyl 
alcohol as a transducing agent. Mean time pro exam was 50 
sec ± 11 in the experienced operator and 117 sec ± 31 and 131 
sec ± 52 in novice 1 and 2, respectively. In a Bayesian latent 
class model, including prior information on the accuracy of lung 
ultrasonography8, Se and Sp of the experienced operator were 
82.7% (69.5-91.8) and 93.8% (86.6-97.8), respectively15. For 
novice 1 Se was 49.8% (24.0-80.8) and Sp  91.1% (77.9-98.7), 
and for novice 2 Se and Sp were 56.3% (29.3-88.7) and 94.0% 
(81.7-99.5), respectively. Overall agreement (kappa) between 
the three operators ranged between 0.38 and 0.49 (fair). Both 
diagnostic accuracy and agreement were better for the right 
lung side.
Conclusions
A quick-scan method makes it possible to add lung consolida-
tion as an additional parameter to scientific work on respiratory 
diseases in cattle, even in large scale studies. The short time 
required per exam and the interesting learning curve after a 
single training session, make it a suitable tool for application in 
practice to improve pneumonia diagnosis and medical/preven-
tive management. More extensive validation by multiple users, 
including different breeds and older cattle as well as determina-
tion of intra-rater reliability are still required. 
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Figure 1. Proposed algorithm for rapid on farm classification of 
ultrasonographically visible lung lesions in calves, as used in 
Quick-Scan training sessions.
